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We claim: 




A spectroscopic method of analyzing a sample, 

comprising 

lrradiat^saq a sample with radiation to produce return 
radiation from tTt^ sample, wherein the return radiation is 
modulated by the sampu^j 

monitoring a firs^v portion of the modulated return 
radiation at a first distance, from the sample ; 

monitoring a second portion of the modulated return 
radiation at a second distance fronKthe sample; 

processing the first and second portions of the modulated 
return radiation to determine a modulation characteristic of 
the sample. 




2. The method of claim 1, wherein the radiation 
comprises substantially monochromatic light. 

3. The method of claim 1, wherein the radiation 
comprises laser light. 

4. The methocMaf claim l, wherein the radiation is 
selected to induce f iiuiWescence in the sample. 

The method of claim 1, wherein irradiating the 
sample comprises directing radiation at the sample using a 
waveguide . 
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j>\ The method of claim |f, wherein the waveguide is an 
optical fiber. 



^4 1 

/. The method of claim p, wherein the waveguide is an 
optical fiber bundle. 



8. The method of clftijzrT., wherein the return radiation 
is modulated by attenuati^ 

The method of claims j£ , wherein the return radiation 
is attenuated by scattering. 

1$ . The method of claim j( t wherein the return radiation 
is attenuated by absorption. 



11. The method 
compr i ses f luore scenJk 





claim l, wherein the return radiation 
f the sample . 



12. Nrhe method of claim 1, wherein monitoring of the 
modulated return radiation comprises: 

collectings^ portion of the modulated return radiation; 

and 

determining the intensity of the collected portion of 
modulated return radiatiom 
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13. Th^yriethod of claim 12, wherein the first portion of 
the modulated \eturn radiation is collected with a first 
waveguide and thev second portion of the modulated return 
radiation is collected with a second waveguide. 

— c\ \ 9 

ijjl . The method of claim , wherein the first waveguide 
is an optical fiber. 

P L \ 

15. The method of claim LS, wherein the first waveguide 
is an optical fiber bundle. 

[ i \ 

Lb . The method of claim 1/3 , wherein the second waveguide 
is an optical fiber. 

? \ 

1/7. The method of claim IB, wherein the second waveguide 
is an optical fiber bundle. 

18. ^**£he method of claim 1, wherein irradiating the 
sample comprises directing radiation to the sample using a 
first waveguide aricKwherein the return radiation is monitored 
using the first waveguide. 

19. The method of claim 12^N^erein the intensity of the 
collected portion of the return radiat^qn is determined with a 
sensor. 



61 



P07 38135 

^0 . The method of claim 12, wherein the intensity of the 
first pVrtion of the modulated return radiation is determined 
with a sehsor. 

21. Tlte method of claim 12, wherein the intensity of the 
second portioii of the modulated return radiation is determined 
with a sensor. \ 

22. The metnod of claim 12, wherein the intensity of the 
first portion of thet modulated return radiation is determined 
with a first sensor arid the intensity of the second portion of 
the modulated return radiation is determined with a second 
sensor. \ 

23. The method of cl^Lm 12, wherein the first and second 
portions of the modulated \ return radiation are measured 
consecutively. \ 

24. The method of claim 12\ wherein the first and second 
portions of the modulated return radiation are measured 
simultaneously. \ 



2p . The method of claim y, wherein the modulation 
characteristic of the sample is attenuation. 






The method of claim 




wherein the modulation 



characteristic of the sample is absorption. 
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2/7. The method of claim ^ wherein the modulation 
characteristic of the sample is optical rotation. 



2jk. The method of claim ^1, wherein the method further 
includes determining transmittance . 

2jB . The method of claim iJl, wherein the method further 
includes determining the intrinsic fluorescence of the sample. 

3/6. The method of claim 1, wherein the sample is 
biological material . 

3^. The method of claim 3J& , wherein the biological 
material is living tissue. 




32. The method of claim 29, wherein the method further 
includes determining a physiological property of the 
biological material using tne modulation characteristic. 

33. The method of claim 30, wherein the method further 
includes determining a physiological property of the tissue 
using the modulation characteristic . 

— & as 

3^ . The method of claim , wherein the physiological 
property of the tissue is tissue oxygenation. 
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35. The method of c]^^ttl33, wherein the physiological 
property of the tissue is hypoxia. 

3y£> . The method of claim 3y6, wherein the method further 
includes determining a pathological property of the biological 
material using the modulation characteristic. 

3/7. The method of claim J3ji, wherein the method further 
includes determining a pathological property of the tissue 
using the modulation characteristic. 

3^ . The method of claim 3^1 1 wherein the pathological 
property of the tissue is the malignant condition of the 
tissue . 

spectroscopic method for determining the 
oxygenation^^ a biological material, comprising: 

irradiating a sample of a biological material with 
J radiation to products^ return radiation from the sample, wherein 
fthe return radiation\is modulated by attenuation of the 

\ 

sample; 

monitoring a first poison of the modulated return 
radiation at a first distance from the sample; 

monitoring a second portion of the modulated return 
radiation at a second distance from the^eample; 

processing the first and second portions of the modulated 
return radiation to determine the attenuation^f the sample; 
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determining \ oxygenation of the sample using the 
attenuation of theNsample. 



40. The method of claim 39, wherein the oxygenation of 
the sample is determinedy comparing the attenuation of the 
sample to the attenuation of a sample having a known level of 



oxygenation, 




10 




A spectroscopic method for determining the 
concentration of hemoglobin in a biological material, 
comprising: 

irradiatiftq a sample of a biological material with 
radiation to produb^ return radiation from the sample, wherein 
the return radiatioh^ is modulated by attenuation of the 
sample ; 

monitoring a first ^isprtion of the modulate return 
radiation at a first distance ^rom the sample; 

monitoring a second portiok of the modulated return 
radiation at a second distance from b&e sample; 

determining the concentration of hemoglobin in the sample 
using the attenuation of the sample, 



4< 



4^. The^e^thod of claim yl, wherein the concentration of 
hemoglobin is determined by comparing the attenuation of the 
sample to the attenuation of a sample having a known 
concentration of hemoglobin. 
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Jte. A method for determining the oxygenation of a 
sample , comprising : 

determining the transmittance of the sample at plurality 
of wavelengths; 

determining the wavelength of peak transmittance in the 
450-500 nm range; 

comparing the wavelenglth of peak transmittance to the 
wavelength of peak transmittance of a sample having a known 
level of oxygenation. 

4#\ A spectroscopic meWhJpd for the detection of ischemia 
in a biological sample, comprising: 

determining the shape op the fluorescence spectrum of a 
biological sample; 

identifying a main lobel of the fluorescence spectrum in 
the wavelength range 350-4501 nm; 

determining the symmetry of the main lobe. 

45. The method of claijm 44, wherein the symmetry of the 
main lobe is determined using skewness. 



46. The method of cliaim 45, wherein a small skewness 
value indicates that the lope is symmetric . 
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E7. A method for determining a physiological property of 
a biological sample, compris 

determining the intrij^kSJc fluorescence of the sample; 
determining a physiological property of the sample using 
the intrinsic fluorescence/ 



A method for determining a physiological 
characteristic of a biological material, comprising: 

irradiating a sample of a biological material with 
radiation to produce return radiation from the sample, wherein 
the return radiation modulated by the sample; 

monitoring a f irst^Xportion of the modulated return 
radiation at a first distance\f rom the sample; 

monitoring a second portihji of the modulated return 
radiation at a second distance fromN;he sample; 

processing the first and second portions of the modulated 
return radiation, using a predictive moch^l, to determine a 
physiological characteristic of the sample. 



id) 




49. The method of claim 4-8, wherein the predictive model 
is a multivariate linear regression. 

A method for determining a physiological 
characteristic^^ a biological material, comprising: 

irradiating a ^s^mple of a biological material with 
radiation to produce returii^e^iation from the sample, wherein 
the return radiation is modulated By^the sample; 
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monitoring a firsA portion of the modulated return 
radiation at a first distance from the sample; 

monitoring a second Vortion of the modulated return 
radiation at a second distance from the sample; 

processing the first A ^^d^econd portions of the modulated 
return radiation to deterAiii^e a modulation characteristic of 
the sample 

processing the modulatioA characteristic using a 
predictive model to determine a physiological characteristic 
of the sample . 




51. The method of ®laim 48, wherein the predictive model 
is a multicriteria associative memory classifier. 



10 



5^. Apparatus for /analyzing a sample, comprising; 
a source adapted t<p emit radiation that is directed at a 
sample to produce return radiation from the sample, wherein 
the return radiation iq modulated by the sample; 

a first sensor, j^ij^placed by a first distance from the 
sample, adapted to moi(i|tjpr the return radiation and generate a 
first signal indicative of the intensity of the return 
radiation; 

a second sensor, / displaced by a second distance from the 
sample volume, adapted to monitor the return radiation and 
generate a second sicjnal indicative of the intensity of return 
radiation; and 
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a processor associated wijth the first sensor and the 



second sensor and adapted to 



Drocess the first and second 



signals to determine a modulation characteristic of the 
sample . 

S?T. Apparatus for analyzing a sample, comprising: 
a source adapted to emit radiation that is directed at a 



sample volume in a sample to 



produce return light from the 



sample, such return light including modulated return light 
resulting from modulation by tHe sample; 

a first sensor, displaced by a first distance from the 



sample volume adapted to monito^ 
a first signal indicative oy :£ 
and 



the return light and generate 
intensity of return light; 



a second sensor, displaced by a second distance from the 
sample volume adapted to monitor the return light and generate 



a second signal indicative of 
a processor associated 



54. Apparatus for 
characteristic of a biologict 
a source adapted to emit 



the intensity of return light; 
with the first sensor and the 
second sensor and adapted tb process the first and second 
signals to determine a modulation characteristic of the 
sample . 



determining a modulation 
1 material, comprising: 
excitation light; 



* a first waveguide disposed a first distance from the 
sample adapted to transmit the excitation light from the light 
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source to the biological material to cause the biological 
material to produce return light/ and adapted to collect a 
first portion of the return light, such return light including 
fluorescence of the biological material; 

a first sensor, associated I with the first waveguide, 
adapted to measure the intensity /of the first portion of the 
return light; 

a second waveguide disposedfa|t a second distance from the 
sample adapted to collect a ^econd portion of the return 
light; 

a second sensor, associated with the first waveguide, 
adapted to measure the intensity of the second portion of the 
return light; a processor adapted to process the first and 
second signals to determine p. modulation characteristic of the 
biological material . 



Apparatus for analyzing a sample, comprising: 
a sour&e adapted to emit radiation that is directed at a 
sample volume rs^ a sample to produce return light from the 
sample, such returbvlight including modulated return light 
resulting from modulation, by the sample; 

a first sensor, displab^d by a first distance from the 
sample volume adapted to monitor^fche return light and generate 
a first signal indicative of the ^i^itensity of the return 
light; and 

a second sensor, displaced by a second distance from the 
sample volume adapted to monitor the return lighusand generate 
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a second signal indicative of the intensity of return light; 

a processor associated with the first sensor and the 
second sensor and adapted to process the first and second 
signals to determine a pn^siological property of the sample. 

. Apparatus for determining a physiological property 
of biological material, comprising: 

a source adapted to emit/ excitation light; 

a first waveguide disposed a first distance from the 
sample adapted to transmit the excitation light from the light 
source to the biological material to cause the biological 
material to produce return flight and adapted to collect a 
first portion of the return light, such return light including 
fluorescence of the biologiaal material; 

a first sensor, associated with the first waveguide, for 
measuring the intensity oijpqhe first portion of the return 
light; 

a second waveguide disfoosed at a second distance from the 
sample adapted to collect] a second portion of the return 
light; 

a second sensor, associated with the first waveguide, for 
measuring the intensity df the second portion of the return 
light; a processor adapted to process the first and second 
signals to determine fk physiological property of the 
biological material . 
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